Abstract
Introduction
Populations are rapidly aging and this has become a global health burden [1] . Aging is accompanied by body composition changes, and Rosenberg first proposed the term 'sarcopenia' to describe age-related pathologic loss of skeletal muscle mass [2] . Skeletal muscles play a crucial role in humans, and therefore sarcopenia has resulted in various adverse health outcomes including fracture, fall, disability, and mortality [3, 4] .
Sarcopenia was initially defined as relative appendicular skeletal muscle mass (ASM) less than 2 standard deviations below the mean values of healthy young adults or the lowest quintile of study populations [4, 5] . ASM divided by height squared (ASM/ht 2 ) was first proposed by
Baumgartner as a representative method to estimate relative ASM [4] . Recent studies, however, indicated that decline in muscle strength or physical performance may be more important in health outcomes related to sarcopenia [6] . Based on this, the criteria combining 'reduced muscle mass with either muscle weakness or poor physical performance' has been proposed by study groups including the European Working Group for Sarcopenia in Older People and the Asian Working Group for Sarcopenia (AWGS) [7, 8] . These criteria demonstrated better associations with various outcomes than the definitions driven only by muscle mass [9, 10] . A number of working groups have suggested different criteria for sarcopenia, but each has different clinical implications [11] and no consensus has been achieved for 'gold standard' criteria for sarcopenia. The Foundation for the National Institutes of Health (FNIH) Biomarkers Consortium initiated 'The FNIH Sarcopenia Project' to derive, using the best available data, criteria for clinically relevant low lean mass and weakness that correspond to incident mobility impairment [12] . A total of 26,625 participants from nine large community-based cohorts were pooled for the analysis, and the new FNIH criteria were proposed in 2014, the cutoff values for which are presented in S1 Table [12] . In particular, a new muscle mass index of ' ASM divided by body mass index (BMI)' instead of ASM/ht 2 or ASM/weight was suggested by the FNIH. Different measures of lean mass (i.e., ASM and leg lean mass) standardized to various body size measures (i.e., height 2 , weight, BMI, total body fat) were tested using the classification and regression tree (CART) analysis, and ASM/BMI was selected as a discriminator of clinical weakness [13] . There have been attempts to clarify the clinical implications of this new FNIH criteria [10, 11, 14] , but still there is sparse data about associations between the new FNIH criteria and functional outcomes. In the FNIH Sarcopenia Project, mobility limitation was the primary outcome for deriving cutoffs for low lean mass and weakness. On the other hand, mortality, another clinically important geriatric outcome, is often an outcome in studies of frailty [15, 16] . In recent studies, mortality in association with measures of sarcopenia was also evaluated in community-dwelling older adults, broadening the application of the definitions of sarcopenia [3, 17, 18] . In this context, we investigated the association between the FNIH-proposed new sarcopenia definition and 6-year mortality, using the data from the prospective longitudinal cohort consisting of community-dwelling older adults in Korea. In the analysis, we used both the lowest quintile for each sarcopenia parameter as ethnic-specific cutoff and FNIH-recommended cutoff values to compare the predictability of mortality among Asian population.
Materials and Methods Subjects
This study was conducted as a part of the Korean Longitudinal Study on Health and Aging (KLoSHA), a community-based cohort study initiated to investigate health, aging, and geriatric diseases of Korean older adults [19] . In August 2005, residents in Seongnam, South Korea aged 65 years or older were invited by letter or telephone to participate. A total of 439 men and 561 women agreed to participate in the study, and the baseline evaluation was conducted from September 2005 to September 2006. From this source population, 560 subjects (285 men and 275 women) who performed all muscle-related measures were included in the analysis. All participants were fully informed regarding the study participation, and written informed consent was obtained from every subjects. The study was conducted following the Declaration of Helsinki, and approved by the Institutional Review Board of Seoul National University Bundang Hospital (IRB Number: B-0706-046-012, B-1506-304-112).
Muscle mass
Body composition was assessed by dual energy x-ray absorptiometry (Lunar Corporation, Madison, WI, USA). ASM was calculated as the sum of the lean mass in both arms and legs.
Handgrip strength
Handgrip strength was measured to evaluate muscle strength (Jamar Hydraulic Dynamometer, Sammons Preston, Bolingbrook, IL, USA). In a sitting position with shoulder adducted, elbow flexed at 90°, and forearm in the neutral position, participants were asked to grasp the dynamometer at their maximal power [20] . Two serial attempts by the dominant hand in the neutral position were measured with a one-minute rest, and the values were averaged for analysis.
Walking velocity
Walking velocity was used to assess participants' physical performance. Subjects were asked to walk across a 4-meter distance at comfortable speed on a flat level with no obstructions [21] .
Definition of sarcopenia
We used both the lowest quintile of study subjects and FNIH-recommended values for cutoffs to define sarcopenia [12] . AWGS criteria [7] were used to compare the predictability with the FNIH criteria. Cutoff points are presented in S1 Table. 'Sarcopenia mass/strength ' was defined as having both weakness and low lean mass, and 'Sarcopenia mass/strength/performance ' as having low lean mass, weakness, and slowness [22] .
Mortality
Mortality data were collected by an annual telephone call, and were confirmed by the data retrieved from the National Death Registry. Follow-up duration was from the baseline evaluation until the date of death or the last follow-up on December, 2011.
Functional performance measures
Activities of daily living (ADL), instrumental activities of daily living (IADL), and the short physical performance battery (SPPB) [19, 23] were assessed at baseline and at the 5-year follow-up evaluation. ADL and IADL were evaluated by questionnaire. The SPPB evaluates lower-extremity performance and comprises three components: standing balance, chair stand, and gait speed. Each component is scored from 1 to 4, and the maximum total score is 12 [21] .
Anthropometric and biochemical measurements
Anthropometric measures including height, weight, and blood pressure were measured by standardized procedures. Blood was drawn after a fast of more than eight hours. Serum glucose was measured using the glucose-oxidase method (YSI 2300 STAT Glucose Analyzer, YSI Inc., Yellow Springs, OH, USA). Total cholesterol, creatinine, and alanine transaminase (ALT) were enzymatically measured (Hitachi 747, Hitachi Ltd., Tokyo, Japan). TSH and free T4 concentrations were measured by immunoradiometric assays (TSH: CIS Bio International, Codolet, France; free T4: LIAISON, DiaSorin S.p.A., Saluggia, Italy).
Covariates
Smoking history, alcohol consumption, and physical activity data were acquired by questionnaire. Exercise was defined as performing !150 minutes of moderate-intensity or !75 minutes of vigorous-intensity physical activities per week [24] . Comorbidities including diabetes, hypertension, cardiovascular disease, stroke, and osteoarthritis were acquired based on selfreport, clinical diagnosis, and medication use. The cumulative illness rating scale (CIRS) was used to assess the general medical condition of older adults [25] .
Statistical analysis
Baseline characteristics were compared by their survival status in each gender. Differences among groups were evaluated using Student's t test for continuous variables and χ 2 test for categorical variables. Data are presented as the mean ± standard deviation (SD) or number of subjects (%). Mortality by different muscle-related parameters was assessed, and the risk is presented as relative risk and 95% confidence interval (CI). Then, we used the Cox proportional hazard model for survival analysis. For the primary analysis (Model 1), unadjusted hazard ratio (HR) and 95% CI for mortality were estimated. In Model 2, age, BMI, systolic blood pressure, fasting glucose, total cholesterol, creatinine, ALT, free T4, and CIRS were used as covariates in the Cox model. In Model 3, smoking history, alcohol consumption, and physical activity were used as covariates in addition to Model 2. Statistical analyses were performed with SPSS version 20.0 (IBM Co., Armonk, NY, U.S.A.). Differences were considered significant when P < .05.
Results
A total of 560 subjects (285 men and 275 women) were included in the final analyses. Mean age of the study subjects was 73.8 ± 7.4 years old and mean BMI was 24.4 ± 3.2 kg/m 2 . During the 6-year follow-up, a total of 61 subjects (40 men and 21 women) died. Subjects' baseline characteristics are summarized by their survival status at the 6-year follow-up evaluation in Table 1 . In both genders, subjects who died were older and had lower ASM, handgrip strength, and walking velocity. Regarding muscle-related parameters according to survival status, all quantitative muscle mass indices including ASM, ASM/ht 2 , and ASM/BMI were significantly lower in deceased men than in surviving men. However in women, the only significant difference between deceased and survived subjects was on ASM. Handgrip strength and walking velocity were significantly lower in deceased subjects in both genders.
First, we compared baseline functional performance measures (i.e., ADL, IADL, and SPPB) with sarcopenia defined by the FNIH criteria. Subjects with Sarcopenia mass/strength (20%) or Sarcopenia mass/strength/performance (20%) had higher IADL and lower SPPB than those without sarcopenia, but the difference in ADL did not reach statistical significance (S2 Table) . However, in longitudinal analyses, there were no significant relationships between changes in these three functional performance measures and sarcopenic status (S3 Table) .
Next, we evaluated relative risk for 6-year mortality of respective parameters including muscle mass indices, handgrip strength, physical performance, and composite of those parameters (Table 2 ). In men, relative risk for mortality was significantly increased for low ASM/BMI, handgrip strength, and walking velocity. The two composite indices, Sarcopenia mass/strength and Sarcopenia mass/strength/performance , provided higher predictive values for mortality than individual parameters; in men, Sarcopenia mass/strength (20%) had a 4.88-fold risk of mortality, and Sarcopenia mass/strength/performance (20%) had a 7.96-fold risk. Men with sarcopenia defined by the AWGS criteria had a 2.63-times increased risk of mortality compared with men without sarcopenia. In women, relative risk for mortality was significantly increased for low handgrip strength and walking velocity, but low muscle mass (ASM/BMI) was not associated with mortality. Sarcopenia mass/strength (20%) had a 3.10-fold increased risk of mortality, but Sarcopenia mass/strength/performance (20%) did not show significantly increased risk. Sarcopenia defined by the AWGS criteria did not predict mortality in women. In a subgroup analysis by age (65-74 years and >75 years), both subgroups of men showed a significant association between sarcopenia and mortality, whereas in women, no significant association was found except for with Sarcopenia mass/strength/performance (20%) in women aged 65-74 years (S4 Table) . We further investigated the risk of mortality by each sarcopenia parameter using the Cox proportional hazard model. HRs for 6-year mortality by sarcopenia parameters are shown in Table 3 . In the unadjusted model, all measures, including muscle mass, muscle strength, and physical performance, predicted the risk for mortality in men. The composite parameters had higher HRs than individual parameters. Moreover, indices using cutoffs at the lowest quintile showed better prognostic values than those using FNIH cutoff values in all parameters except handgrip strength. After adjusting for conventional risk factors (Models 2 and 3), low lean mass, only those defined by ASM/BMI maintained statistical significance, but ASM/ht 2 did not show significant associations. Slowness was associated with increased mortality after adjustments, whereas muscle strength indices lost statistical significance. Using the lowest quintile, Sarcopenia mass/strength and Sarcopenia mass/strength/performance predicted increased mortality by 4.13 and 9.56 times respectively, and these values were much higher than those of muscle mass or physical performance alone. However, both composite parameters had decreased predictability (HR 2.48 and 3.83, respectively) when they were defined by FNIH cutoffs. Sarcopenia defined by the AWGS criteria did not have a significant association with mortality after adjusting for covariates. In women, muscle mass indices were not associated with increased risk of mortality in any of the models (Table 3) . Low muscle strength, slowness, and composite parameters showed increased risk of mortality in the unadjusted model when defined by the lowest quintile. After adjusting for covariates, however, no sarcopenia parameters including the FNIH criteria or the AWGS criteria, except for handgrip strength, remained to predict mortality. Survival curves by Sarcopenia mass/strength and Sarcopenia mass/strength/performance are presented with Cox proportional hazard model in Fig 1. In men, the difference in survival rate was pronounced after 3 years of follow-up and this trend was exaggerated in longer follow-up, but survival curves did not differ significantly by sarcopenia status in women.
We explored the proportion of subjects who fell below the lowest quintile and the FNIHrecommended cutoff values for low muscle mass, weakness, slowness, and their composites (S1 Fig) . When using the lowest quintile to define sarcopenia, 23 (8.1%) men were allocated to Sarcopenia mass/strength and 10 (3.5%) to Sarcopenia mass/strength/performance , while 14 (5.1%) women were allocated to Sarcopenia mass/strength and 8 (2.9%) to Sarcopenia mass/strength/performance . With the FNIH criteria, a higher proportion of subjects fell below each component: in men, 92 (32.3%) had low muscle mass, 141 (49.5%) had weakness, and 148 (51.9%) had slowness; in women, 76 (27.6%) had low muscle mass, 177 (64.4%) had weakness, and 196 (71.3%) had slowness. A total of 56 (19.6%) men fulfilled the criteria for Sarcopenia mass/strength and 40 (14.0%) for Sarcopenia mass/strength/performance , and 57 (20.7%) women met the criteria for Sarcopenia mass/strength and 48 (17.5%) for Sarcopenia mass/strength/performance .
Discussion
In this community-based prospective cohort study, we evaluated whether the new criteria proposed by FNIH for sarcopenia could accurately represent the increased risk of mortality and provide better predictive values in Korean sarcopenic elderly men. We also found that the cutoffs by the lowest quintile predicted mortality more accurately than those by FNIH-recommended cutoffs in older Korean adults, and the composite of parameters was a better predictor for mortality than each parameter alone. These associations, however, were only observed in men, but not in women. To our knowledge, this is one of the first prospective studies in Asia that comprehensively evaluated the new FNIH criteria in conjunction with mortality for sarcopenia.
Various definitions for sarcopenia have been proposed to date, including ASM/ht 2 [4] , ASM/weight [26] , and a number of definitions suggested by authorized working groups [5, 7, 8] . However, clinical implications or prevalence of sarcopenia varied according to the methods used for defining sarcopenia [11, 27] . The FNIH definition is the most recent and evidence- based criteria, derived from 9 large community-based cohorts with a total of 26,625 subjects [12] . The usual prevalence of sarcopenia ranged from 5% to 50% by criteria that are used [27] , but only 0.5% men and 1.8% women met all three criteria in the FNIH study [22] . The proportion of Sarcopenia mass/strength and Sarcopenia mass/strength/performance in our study population was as low as 2.9%-8.1% when the lowest quintile for each parameter was applied (S1 Fig). On the other hand, this study demonstrated better prediction of mortality using the FNIH definition of sarcopenia compared with using each parameter alone or with conventional definitions of sarcopenia including the AWGS criteria [15, 17, 28] . This stringent FNIH criteria might classify fewer elderly subjects into sarcopenia, but is expected to better differentiate older persons who are frail and at risk of mortality.
Measures of muscle mass, muscle strength, and physical performance are known to differ by race [29, 30] . It is notable that a significantly higher proportion of older Korean adults had low lean mass, weakness, and slowness than those in the FNIH population (S1 Fig). In women, for instance, the proportion of subjects with both low lean mass and weakness (Sarcopenia mass/ strength) by FNIH cutoffs reached up to 20%, whereas it decreased to 5.1% by lowest quintile as cutoff. To investigate the appropriate cutoff values in our population, we used cutoffs of the lowest quintile for each component as suggested by a number of working groups [5, 7, 8] . In this study, the risk for mortality was significantly higher in older Korean men when using the lowest quintile (4-9-fold) than the FNIH cutoffs (2-4-fold). Our findings suggest that the cutoffs by the lowest quintile in study subjects, which reflect inter-ethnic difference, enhance the predictability of mortality related to sarcopenia, and can be a suitable method to classify sarcopenia in specific study populations.
The association between sarcopenia and 6-year mortality was strong among men, but this finding was inconsistent among women. There are some plausible explanations for the gender difference. First, physiological muscle loss due to aging tends to start later in women than men [31] . Therefore, detrimental outcomes of muscle loss in older adults might be pronounced in men. Second, gender differences in body composition might also affect these differential associations. Previous body composition analyses have shown that fat mass is relatively higher and muscle mass is lower in women than in men [32] , which is consistent with the observations in our study (fat% (total body fat/body weight): men, 24.17±5.34% and women, 33.82±4.83%; lean mass: men, 49.39±6.01 kg and women, 37.10±4.17 kg). Therefore, the absolute amount of muscle loss with aging might be greater in men than in women [31] , and muscle mass changes could influence health conditions to different degrees in women and men. However, the underlying mechanisms of gender differences in the association of sarcopenia and mortality warrant further investigational research.
This study has some distinctive features. We validated the defining criteria for sarcopenia recently proposed by FNIH in association with mortality among Asian population, and we observed that a new method of calculating relative muscle mass, BMI adjusted ASM, could have better clinical implications than ASM/ht 2 . We also found that the lowest quintile cutoffs better predicted mortality than the FNIH-recommended cutoffs in our study group. On the other hand, this study has some limitations. First, this study included a limited number of subjects. Moreover, few deaths occurred during the follow-up period, especially in women. The sample size and event rates were not sufficient to achieve statistical power at a level of 0.8. Therefore, we could not conclude whether the lack of significant associations in women was because of the biologic difference between men and women or because of the small numbers of female subjects and of deaths in women. However, several previous studies have reported similar results to those of our study [28] . In conclusion, a prospective longitudinal cohort study that includes large numbers of older subjects is warranted to elucidate further the clinical implication of sarcopenia in women, especially regarding mortality. Second, the longitudinal evaluation of functional performance measures might have been confounded by survival bias. The cohort in this study included older people, and subjects who had developed functional impairment (i.e., who died during follow-up) might easily have been censored in the 5-year follow-up evaluation, whereas relatively healthy subjects were able to participate in the follow-up study. This bias might distort or underestimate the effect of sarcopenia on functional deterioration. Third, because of the observational nature of the study, we could not evaluate the causal relationship or exclude possible confounding effects.
This study demonstrated that the new FNIH definition for sarcopenia, which consists of low lean mass, weakness, and slowness, predicted 6-year mortality in older Korean men. Assessment of sarcopenia in older people should be considered to assess the risk of mortality and their functional performances, while appropriate cutoff values for sarcopenia in different ethnicities should be further investigated. 
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